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ABSTRACT 

Multiple optical outflows are known to exist in the vicinity of the active star formation region 
called Orion-South (Orion-S). We have mapped the velocity of low ionization features in the brightest 
part of the Orion Nebula, including Orion-S, and imaged the entire nebula with the Hubble Space 
Telescope. These new data, combined with recent high resolution radio maps of outflows from the 
Orion-S region, allow us to trace the origin of the optical outflows. It is confirmed that HH 625 arises 
from the blucshiftcd lobe of the CO outflow from 136-359 in Orion-S while it is likely that HH 507 
arises from the blueshifted lobe of the SiO outflow from the nearby source 135-356. It is likely that 
rcdshifted lobes are deflected within the photon dominated region behind the optical nebula. This 
leads to a possible identification of a new large shock to the southwest from Orion-S as being driven by 
the redshifted CO outflow arising from 137-408. The distant object HH 400 is seen to have two even 
further components and these all are probably linked to either HH 203, HH 204, or HH 528. Distant 
shocks on the west side of the nebula may be related to HH 269. The sources of multiple bright 
blueshifted Herbig-Haro objects (HH 202, HH 203, HH 204, HH 269, HH 528) remain unidentified, in 
spite of earlier claimed identifications. Some of this lack of identification may arise from the fact that 
deflection in radial velocity can also produce a change in direction in the plane of the sky. The best 
way to resolve this open question is through improved tangential velocities of low ionization features 
arising where the outflows first break out into the ionized nebula. 

Subject headings: H II regions — ISM: jets and outflows — ISM: Herbig-Haro objects — ISM: individual 
(Orion Nebula, HH 528, Orion-S, OMC-1S, Orion South, M42)— stars: pre-main 
sequence 



1. INTRODUCTION 

As the nearest region of star formation that includes 
young massive stars, the Orion Nebula and its epony- 
mous cluster attract considerable attention from stu- 
dents of star formation. The cluster is displaced towards 
the observer from the remainder of the host molecular 
star and the visible nebula is a relatively thin, irregu- 
lar, concave layer of ionized gas on the observer's side 
of t he molecular cloud. Numerous optical shocks and 
jets (|O'Dellll200ll ) reveal the presence of collimatcd and 
broad outflows from those stars that lie in the photoion- 
ized portion of this region; but one must rely on infrared, 
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x-ray, and radio observations to tell what is happening 
among the optically obscured cluster stars lying beyond 
the H II region, which c onstitute roughly half of the to- 
tal cluster membership (|Hillenbrandl 119971 ). In the case 
of the highly embedded (about 0.2 pc behind the neb- 
ula) BN-KL region, one only sees a few optical features 
resulting from s tellar outflow at the tips of the Allen and 
Burton fingers (|1993l ). However, in the region known as 
Orion-South (Orion-S, also known as Orion Molecular 
Cloud 1 South or OMC-1S), lying 1' to the southwest 
from the dominant ionizing star f^Ori C, the embed- 
ded sources lie near the surface of the nebula and we 
see numerous Herbig-Haro (HH) objects there. This is 
the third region of star formation in the vicinity of the 
Orion nebul a and is in a local b ump in the surface of 
the nebula (|Wen fe Q'Delllll995f ). where the expanding 
H II region has been slowed because of the higher density 
of gas there. There have been numerous recent papers 
that try to relate the moving optical features to the ob- 
scured sources of the outflows, but we reas sess the situa- 
tion here be cause of the recent availability (|Zapata et al.l 
2005, 2006) of high spatial resolution maps of CO and 
SiO outflows from Orion-S. We present new results ob- 
tained spectroscopically and with imaging in § 2, sum- 
marize what we know about the optical features in § 3, 
present a combined picture of the optical features in § 4, 
and discuss their relation to the CO and SiO outflows 
in § 5. Throughou t this paper we will adopt a distanc e 
of 460 pc, after IBallv. O'Dell. fe McCauehrear] pOOCh . 
henceforth BOM. 
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Fig. 1. — Multiline isovelocity maps of the Orion Nebula in 
which the emission in [Ol], [Sn], and [Sill] is shown in red, green, 
and blue, respectively. Each panel shows emission in a 12 km s — 1 
wide channel centered on the heliocentric velocity indicated in the 
lower-left corners. The intensity scalings vary between the different 
channels and different lines. Position offsets are measured with 
respect to 1 Ori C. 

2. OBSERVATIONS 

In this section we present new observations of the Orion 
Nebula. The first results are from a program of mapping 
the radial velocity across the Huygens region of the neb- 
ula, the second are results from imaging an even wider 
region with the Hubble Space Telescope. 

2.1. HH 528 

We have constructed isovelocity channel maps of the 
core of the Orion Nebula, based on cchelle longslit obser- 
vations in the optical emission lines of [Su] 6716,6731 A, 
[Oi]6300A, and [Sm]6312A. Full details of the ob- 
servations and data r educti on process are given in 
iGarcia-Diaz fc Hennevl (|2006l henceforth GH07) . The 
data were obtained primarily with the Manchester 
Echelle Spectrometer (jMeaburn et al.ll2003h on the 2.1 m 
telescope of the Observatorio Astronomico Nacional at 
San Pedro Martir, B.C., Mexico, while part of the [Sn] 
dataset was obtained wit h the 4 m telescope at Kit t Peak 
National Observatory (|Doi. O'Dell. fe Hartiganl 12004 
henceforth DOH04) . Figure [1] shows images of selected 
channel maps, with [O i] 6300 A shown in red, [S u] 6731 A 
shown in green, and [Sm] 6312 A shown in blue. All ve- 
locities in this section are given in the heliocentric frame, 
and can be transformed to the Local Standard of Rest by 



subtracting 18.1 km s~ . All positions in this section are 
given in arcseconds, (x, y), with respect to 1 Ori C, the 
brightest of the Trapezium stars and the principal source 
of ionizing photons in the nebula. Some artifacts are 
present in the data, principally due to variations in sky 
brightness, which manifest themselves as vertical stripes 
in the images. These are most noticeable where the sig- 
nal is intrinsically weak, such as in the blueshifted [O i] 
emission (shown as red in Fig. [T]a) and are further dis- 
cussed in |GH07| , Section 2. 

The difference in the emission distribution between the 
three lines is due primarily to changes in ionization: the 
[Sin] line is emitted only by fully ionized gas, whereas 
the [O i] line comes from a thin layer of partially ionized 
gas at the ionization front or from shocks in neutral gas. 
The [S n] line comes from both the ionization front (IF) 
and from the fully ionized gas that is close to it. In 
addition, collisional deexcitation causes the [S n] line to 
saturate in the highest density regions. Since the electron 
density shows a general decline with distance from the 
center of the nebula, the outer parts of the map have a 
green tinge, indicative of relatively strong [S u] emission, 
while the inner parts vary from pink to blue, depending 
on whether low- or high- ionization emission is dominant. 

The emission in the most blueshifted channel that we 
show, centered on V© = —2 km s _1 , is dominated by a 
broad band of high- ionization gas known as the Big Arc 
(|Q'Dell et al.lll997ah . which crosses the south of the neb- 
ula from east to west. One also sees emission from the 
low- velocity wings o f the highly blue-shifted HH objects 
(|Q'Dell et al.lll997bD : HH 203/204 around (-90, -100); 
HH 202 around (70, 30); and the low- ionization HH 201 
at (75, 90). As one passes to more redshifted channels, 
these features fade away to be replaced by the systemic 
nebular emission, which in low-io nization lines is domi- 
nated by linear bar-like features (|Q'Dell &; Yusef-Zadehl 
2000) , of which the Bright Bar (in the lower-left of the 
images) is merely the most prominent example (see lGH07l 
for a more detailed discussion). In this paper we discuss 
only the data around HH 528 out of the rich body of in- 
formation of this data-set because this is the lowest ion- 
ization object among the many HH objects in the Orion 
Nebula. 

2.1.1. Radial Velocity Measurements of HH 528's Jet 

HH 528 is a long, collimated outflow along a position 
angle ~ 150°, which originates around 30" south of the 
Trapezium as a broad jet and ends in a diffuse bowshock 
where it interacts with the Bright Bar. 

The HH 528 jet can be best seen in our channel map 
centered on Vq = 10 km s _1 (Figure QJ as an elongated 
(20" x 7") pink-orange region, centered on (0, —72). It 
can also be seen at more blueshifted velocities, where it 
is superimposed on the higher ionization Big Arc South, 
and more redshifted velocities, where it is seen to be cut 
in two by a dark extinction feature. 

In [Oi], the jet appears to have two components: a 
spatially broad, smooth component, which is also seen in 
[S n] , plus a series of compact knots along its eastern side 
at (-2, -67), (-4, -71), and (-3, -75). These knots 
are more blueshifted than the smooth component, being 
most visible in the +6 km s _1 channel. Further south, 
we can identify two more knots of blueshifted emission 
in both [Sn] and [Oi] at (-18, -92) and (-14, -89), 
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Fig. 2. — Background-subtracted profile of the HH 528 jet in the 
[Ol] line (black symbols with error bars), together with adjacent 
nebular background profiles (gray symbols). The continuous line 
shows a Gaussian fit to the jet profile. The error bars in the jet 
profile are a combination of the observational noise with the un- 
certainty in the estimated nebular background at the jet position 
(see text). 

"which show the highest contrast against the surrounding 
nebula in the +14 km s _1 channel. No [Sin] emission is 
seen from the jet. 

The visibility of the jet in a given channel is strongly 
affected by the brightness and velocity of the surround- 
ing nebular emission and so is not a reliable guide to 
the jet's radial velocity. Therefore, we have extracted 
one dimensional [Oi] spectra from 5"-long samples of 
the slit, which cover the jet and two adjoining back- 
ground regions. We have fitted a Gaussian profile to 
the background-subtracted jet profile, assuming that the 
nebular emission in the jet sample can be linearly inter- 
polated from the two background samples (see Fig. [5]). 
Although the peak velocity and shape of the background 
nebular line is relatively stable in the vicinity of the jet, 
its brightness shows substantial variation along the slit, 
and this is the primary contribution to the uncertainty 
in the jet profile on its redward side (we have used a con- 
servative estimate of one half of the difference between 
the two background samples). The derived jet velocity 
from the Gaussian fit is V©([Oi]) = +15.9 ± 1.8 km s _1 , 
where the uncertainty is given by the formal standard 
error in the fitting parameters. 

We followed a similar procedure for [Sn] but this 
was complicated by the presence of blueshifted emis- 
sion from the Big Arc at the same position as the jet. 
Nonetheless, we determine a jet velocity of V Q ([Sii]) = 
+ 16+3 km s^ 1 , which is consistent with the more precise 
[O i] value. The electron density in the jet is determined 
to be 1900 ± 500 cm~ 3 , which is very similar to the value 
in the surrounding nebula. 

2.1.2. Radial Velocity Measurements of HH 528' s Bowshock 

The terminal bowshock of HH 528 is also visible as a 
blue-shifted feature in our maps, showing the greatest 
contrast in the same channels as for the jet. Although it 
is strongest in the low-ionization lines, it is also present 
in [S in] . The brightest part of the bowshock is a diffuse 
clump, of roughly 10" in diameter, centered on (—25, 
— 105). It is displaced about 10" towards the Trapezium 
from where one would expect to find the Bright Bar, 
assuming that the northeastern portion continued in a 
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Fig. 3. — [S II] line profiles of the HH 528 bowshock from a 70 /im 
slit (instrumental width: 6 km s — 1 ). The top panel shows electron 
densities calculated from the doublet ratio, while the bottom panel 
shows the intensity of the longer component. 

straight line to the southwest. There is also blueshifted 
emission, strongest in [O i] , extending about 40" south- 
west along the Bar, which seems to be a wing of the 
bowshock. Weaker blueshifted emission also extends a 
similar distance to the east and north east, which may 
represent the opposite wing of the bowshock. 

Figure [3] shows profiles of the [S n] 6731 A line from two 
positions in the bowshock and for an adjoining undis- 
turbed region of the Bright Bar at (—65, —90). The 
bulk of the bowshock emission is blueshifted with re- 
spect to the systemic velocity, peaking at V© = +16 to 
+18 km s _1 , as opposed to +24 km s _1 for the undis- 
turbed bar. Note that it is impossible to reliably subtract 
the background nebular emission from the bowshock pro- 
file, as was done for the jet profile above. This is because 
the nebular emission shows extreme brightness fluctu- 
ations that preclude the possibility of interpolating its 
value from adjacent regions. In particular, the emission 
from the Bright Bar is significantly depressed at the po- 
sition of the bowshock, as can be seen from Figured! On 
the other hand, the bowshock component is so strong 
that its velocity can be reliably estimated even without 
background subtraction. 

In addition to the blueshifted peak, the bowshock 
profiles also show weak red wings, extending out to 
+50 km s^ 1 , which are lacking in the Bar profile. The 
weak low density component around km s _1 is present 
in all the profiles and is an u nrelated general feature of 
this part of the nebula (|GH07f ). The surface brightness of 
the bowshock emission is very similar to that of the rest 
of the bar, as is the electron density (upper panel of Fig- 
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ure[3]) at 2500 to 3000 cm~ 3 . The bowshock also shows 
the same ionization stratification as the bar, with the 
emission from more highly ionized lines becoming pro- 
gressively more diffuse and shifted towards the direction 
of the Trapezium. On the other hand, the [O i] emission 
is not as thin as in the Bar proper. 

Roughly 15" to the south of the bowshock lies a curious 
zone of low-ionization, low-brightness, scalloped emission 
features which are most visible in the velocity range +25 
to +40 km s _1 . Electron density channel maps {GH07) 
show a narrow ridge of enhanced density that is contin- 
uous between these features and the eastern portion of 
the Bright Bar. 

2.2. An HST Survey of the full Orion Nebula 

The new Hubble Space Telescope (HST) images used 
in this study were obtained as part of program GO 10246, 
with Massimo Robberto serving as the Principal Inves- 
tigator. This program imaged the Huygens region of 
the Orion Nebula and its periphery using 104 pointings. 
The Advanced Camera for Surveys (ACS) was the pri- 
mary instrument and the pointings were chosen so as 
to provide a continuous mosaic across the nebula. Par- 
allel observations were made with the Wide Field and 
Planetary Camera (WFPC2), and the NICMOS infrared 
instrument, although those data are not used in the cur- 
rent study. The primary scientific thrust of program GO 
10246 is to study the properties of the Orion Nebula 
Cluster stars and this drove the selection of the filters em- 
ployed; however, a complete mosaic was made with the 
F658N filter (characteristic exposure time 340 s), which 
is equally sensitive to both hydrogen Ha (6563 A) and 
[N II] (6583 A) emission. The other filters employed and 
their characteristic exposure times were F435W (420 s), 
F555W (385 s), F775W (385 s), and F850LP (385 s). The 
observations were made in two observing campaigns, in 
October, 2004 and April, 2005. The wealth of images 
were combined and rendered into a seamless mosaic. 

The resulting picture from this survey is shown in Fig- 
ure |U which is the combined image from all the filters, 
including those dominated by continuum, rather than 
emission lines. The outline of the field covered by the sur- 
vey is shown in Figure [5] and the outer parts of this image 
have been filled-in by images made by Massimo Robberto 
with the ESO La Silla 2.2 meter telescope. The color 
coding is red (F850LP+F775W, dominated by scattered 
starlight with some [S III] emission), red/orange (F658N, 
dominated by Ha+[N II]), green (F555W, dominated by 
[O III] and scattered starlight), and blue (F435W, domi- 
nated about equally by hydrogen Balmer lines and scat- 
tered starlight). 

3. PROPERTIES OF THE HH OBJECTS ASSOCIATED 
WITH THE ORION-S REGION 

There are two regions of large scale outflows in the 
Orion Nebula: one centered about 55" to the southwest 
from the brightest Trapezium star (6* 1 Ori C) and the 
other centered on the BN-KL sources to the northwest. 
The two regions are clearly independent of one another 
and in this paper we'll address only the outflows asso- 
ciated with the southwest Orion-S region. As we shall 
see, it is likely that there are multiple sources in this 
region. In this section we will summarize the character- 
istics of the optical outflows that appear to be associated 



with Orion-S and in the next section investigate whether 
there are common sources for them. 

For each object we will identify the discovery paper 
(when possible, sometimes there were multiple steps in 
recognition of the nature of the object), the values of 
the most accurate tangential and radial velocities, de- 
rived velocity vectors, and any major papers that dis- 
cuss the object. Since we are interested in the motions 
relative to the host region, we convert heliocentric radial 
velocities to velocities relative to Orion (Vomc) by as- 
suming the velocity of Orion Molecular Cloud to be 28 
km s ^O'DelllteOOll ). When motions in the plane of the 
sky (tangential motions, Vr) are available, these can be 
combined with the Vomc values to give spatial motions 
(Vs) and in all cases we will report the angle (6) of that 
velocity vector with respect to the plane of the sky (pos- 
itive values are towards the observer) and the direction 
by the Position Angle (PA) measured counter clockwise 
with respect to north. It is worth noting that referring 
the angle of the velocity vector to the plane of the sky 
is in contrast with earlier work (DOH04), where the ori- 
entation was given with respect to the line of sight. The 
objects will be summarized in order of their PA as viewed 
from Orion-S. 

The forms and locations of the objects discussed are 
presented in Figures [5] and [6] The richness of fea- 
tures in the Orion Nebula means that drawings like 
this are the best method for isolating objects within a 
given class. Figure \5\ shows a 450" square field near 
the Trapezium stars (group of four circles). Numbers 
indicate the HH object number. The red arrows and 
open square indicate the HH objects associated with 
deeply embedded BN-KL region. The H2 symbols indi- 
cate the position of compact H 2 obj ects in the survey of 
IStanke. McCaughrean. fc Zinneckerl (|2002t ). The dashed 
yellow line traces the path of the HH 625 components 
and the dashed black line traces the faint outer features 
beyond HH 203-HH 204-HH 528. The open ellipse is the 
po sition of the O p tical Outflow Source (OOS) identified 
bv IP 'Dell &+Dol ([20031 henceforth OD03). Figure M 
depicts a 1650" x 1825" field around the Orion Nebula. 
The irregular outer boundary shows the edges of the cov- 
erage with the HST ACS survey and the dashed box the 
field covered in Figure [5] A few major features within 
the nebula are labeled and the symbols employed are the 
same as in Figure [5j Also shown are outer shock fea- 
tures that are newly discovered in the ACS survey and 
which are discussed in more detail in Section 5.4 below. 
In this case the features outside HH 203-HH 204-HH 528 
are drawn as solid blue lines for clarity. 

3.1. HH 529 

The high ionization shock features no w called HH 529 
were visible in the first HST images (|Q'Dell fc Wond 
1996), their similar and high velocities were noted in a 
low velocity resolution study by O'Dell et al. (1997 ), and 
they were designated as a single system by iBOMl . The 
shocks are easily visible in [0 111] and Ha, but are faint in 
[Nil]. They become broader and larger in the eastward 
direction of apparent propagation. The fact that they are 
of l ower ionization towards the west is d iscussed in detail 
by Ea grave. Martin, fc Baldwin! ()2006l). who also note 
that there are errors in the [0 1] data in lBOMl 's Figure 6. 
The emission in the filter meant to isolate the [0 1] line at 
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Fig. 4. — The core of this 30' X 30' image of the Orion Nebula was prepared from HST ACS images. The irregular outline shows most 
of the field covered by the ACS survey indicated in Figure [6] Outside the boundaries of this survey, groundbased images were used. The 
color coding is described in the text. 

multiple components of this HH object, we will desig- 
nate each according to the p osition-based sy s tem f or the 
Orion Nebula introduced bv lO'Dell fc Wenl ([1994). We 
will adopt the radi al veloc ities from[E)OH04 and the tan- 
gent ial velocities of OD03 as th ey ha ve a longer time-base 
tha nlDoi. O'Dell. fc Hartiganl 1)2001 henceforth DOH02) 
and [BOM. The heliocentric velocities of the features 
near 150-352, 158-353, and 165-358 are -44±4 km s -1 , 
—35 ± 9 km s _1 , and —26 ± 2 km s _1 respectively, which 
yields values of Vomc = —72, —63, and —54 km s~ . 
The Vt values of these features are 88 ± 20 km s~ , 
46 ± 16 km s , and 101 ± 16 km s _1 towards PA values 



6300 A is most likely dominated by the [S in] 6312 A line 
and the spectrum given for [O i] is an accidental repro- 
duction of the [O in] spectrum. The interpretation that 
these are shoc ks located within th e ionized layer of the 
Orion Nebula (jO'Dell et aflll997al) is strengthened from 
the s tudy of their spectra (jBlagrave. Martin, fc Baldwin! 
2006). Components of this system were originally identi- 
fied b y their high radial ve locities ([Led 1969tjCastanedal 
119881 iMassev fc Meaburnl Il995h and [bOMJ measured 



some of the components with th e Keck HIRES with good 
spatial and velocity resolution. IDOH04I mapped the en- 
tire object in Ha, [Oin], and [Nn] in their slit study of 
the Huygens region of the Orion Nebula. Because of the 
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Fig. 5. — This drawing of a 450" square field in the center 
of the Orion Nebula depicts only the brighter stars and the HH 
objects. The coding of the symbols, letters, and lines is explained 
in the text. The dominant ionizing star 1 Ori C is shown as a filled 
circle. 




Fig. 6.— This drawing of a 1650" X 1825" field around the Orion 
Nebula shows the HH objects in the outer parts of the nebula. The 
segmented line depicts the boundary of the survey made with the 
HST ACS, which has led to the discovery of many of these shocks. 
The code of the symbols, letters, and lines is explained in the text. 
The dashed box shows the central field shown in Fig. \E\ while 
the red rectangular box shows the region mapped spectroscopically 
that is shown in Fig. [T] 



of98°±8°, 110° ±23°, and 96° ±26°. The resultant val- 
ues of Vs are 114 km s~\ 78 km s~\ and 115 km s _1 , 
with 9 = 39°, 54°, and 29°. Since the errors in the ve- 
locities that are used to derive 9 are significant and the 
calculated angles are correspondingly uncertain, it is not 
clear if these three features are moving at different angles 
or along a common average angle of about 41°. In the 
discussion in § 4, we shall assume the latter. 

3.2. HH 203 

HH 203 was first recorded by Munch & Wilson (1962) 
and has been the subject of numero us subsequent studie s 
of its appearance in different ions (10 'Dell et al.lll997bft . 
its electron density (Walsh 1982), radial velocity (O'Dell, 
Wen, & Hu 1993, DOH04), and tangential motions (Cud- 
worth & Stone 1977, Hu 1996, DOH02). Because of its 
proximity to # 2 Ori A Munch & Taylor (1974) interpreted 
the object as the result of the interaction of a stellar wind 
with the ambient nebular gas, but the symmetry of the 
shock and the presence of a high velocity jet leading to it 
(O'Dell et al. 1997a, Rosado et al. 2001, DOH04) indi- 
cate that it is a jet driven shock. Henney (1996) argues 
that its asymetry in brightness can be explained by the 
jet striking denser ambient material at grazing incidence. 
The tip of this feature is a series of well defined shocks. 
Originally, O'Dell et al. (1997b) argued that the shock is 
formed when the driving jet strikes the foregrou nd Veil 
of ne utral material that lies in front of the nebula (|0'Delll 
120011) . b ut a more accura te knowledge of the position of 
the Veil (|Abel et al.ll2004l ) and an improved knowledge of 
the shock's trajectory allowed DOH04 to establish that 
HH 203 arises where the driving jet strikes denser nebular 
material where the ionization front of the Orion Nebula 
tilts up. This tilt is what gives rise to the Bright Bar 
feature that runs from northeast to southwest, passing 
near # 2 Ori A. 

The radial velocity map of DOH04 yields a heliocentric 
velocity for HH 203 of —46 ± 15 km s _1 , which means 
Vomc = ~74 km s _1 . The tangential velocity study of 
DOH02 gives a value of Vr = 73 ± 23 km s" 1 towards 
PA = 134 ±17°. This means that the spatial velocity is 
V s = 104 km s _1 and 9 = 45°. 

3.3. HH 204 

HH 204 is close in position to HH 203 and has been 
studied at the same time as HH 203 in the previous in- 
vestigations. It extends slightly further from the center 
of the Orion Nebula and is quite different in appearance, 
the head of the parabolic shock form being highly floccu- 
lent in appearance, rather than having the multiple small 
shocks present in HH 203. It has extended [O III] emis- 
sion within the parabolic shock form, which is a strong 
indication that it is an object that is being photoionized, 
possibly either by 6* 2 0ri A or more likely by 1 Ori C. The 
presence of low ionization lines in its tip indicate that it 
too is striking a dense, low ionization region of the neb- 
ula, like HH 203, or, alternatively, that the compression 
of the ionized gas by the shock leads to the trapping of 
the ionization front. 

The radial velocity map of DOH04 yields a heliocentric 
velocity for HH 204 of -18 ± 18 km s~\ which means 
Vomc = — 46 km s _1 . The tangential velocity study of 
DOH02 gives a value of Vr = 92 ± 10 km s _1 towards 
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PA = 137° ± 7°. This means that the spatial velocity is 
V s = 103 km s _1 and 9 = 27°. 

3.4. HH 528 

Tangential velocities in the HH 528 jet have been mea- 
sured for individual knots in the [Oi] (BOM) and [Sn] 
(DOH02) lines. Three of these coincide with knots for 
which we have measured radial velocities. Taking the 
vector mean of the proper motion measurements of the 
knots gives a tangential velocity of Vt = 25 ± 6 km s _1 
at a position angle of PA = 139 ±15°, which is consistent 
with the orientation of the line between the jet and the 
bowshock (PA — 148±5°) and the major axis of the jet as 
measured from our [O i] channel maps (PA = 150 ± 10°). 
Our fits to the jet component in the [O i] and [S n] 
line profiles give V© = 17 ± 2 km s~ , implying that 
Vomc = 11 ± 3 km s~ , in which the uncertainty in- 
cludes the effect of the 2 km s _1 velocity dispersion of 
stars in the Trapezium cluster (Jones & Walker 1988). 
Therefore 9 = 24° ± 8° for the jet. 

Tangential velocities have al so been measure d for knots 
in the bowshock of HH 528 (pOMl ; IDOH02D . although 
the dispersion in magnitude and direction is rather large. 
Taking the vector mean of the 6 measured knots gives 
Vt = 21 ± 8 km s _1 at a PA of 206 ± 24 °. The highest 
velocity (33 km s" 1 at PA = 176°) is seen in knot 182- 
513 at (—25, —109), which lies at the very nose of the 
bowshock. Our [S n] spectra of the bowshock (Figure [3]) 
show peak velocities of Vq = 16-18 km s~ , very similar 
to that of the jet, implying Vomc ~ H km s" 1 . Given 
the uncertainties involved, the data are therefore consis- 
tent with the jet and bowshock sharing the same space 
velocity. 8 

3.5. Features possibly related to HH 203-204-528 

Figure [7] shows faint, high- ionization emission to the 
south-east of the Bright Bar. The morphology of the 
emission is reminiscent of a bowshock shape, which may 
represent an outer shock related to the HH 203/204 sys- 
tem. Alternatively, we cannot rule out that it may be 
associated with HH 528. Superimposed on this feature 
is a faint arc of relatively high-density gas, identified in 
[S n] channel maps by GH07. 

3.6. HH 400 

HH 400 was discovered by iBallv et al.l (|200lD on Ha 
and [S n] images of the Orion Nebula and they also report 
on velocity mapping of the southern part of the nebula 
in the [S n] lines. This is the largest of the known HH 
objects in the Orion Nebula, being a group of large shocks 
with the furthest tip extending 633" from Orion-S with 
PA = 146°. In Figures and [5] we see that there are 
even larger shocks extending to 789" at PA = 147° and 
the shock features at 970" at PA = 160° may also be 
associated if the curvature continues. IBallv et all (|200lD 
give only radial velocities relative to the local region of 
the nebula, finding it redshifted by 8-20 km s _1 . Since 
there are no published [S n] velocities for this part of the 

8 Note t h at ou r results are inconsistent with the claim of 
ISmith et al. (2004), based on unpublished Fabry-Perot observa- 
tions, that HH 528 is redshifted. 



nebula, and there are no tangential velocities for HH 400, 
it is imposs i ble to derive its spatial motion. However, 
IBallv et al.l (|2001h argue from the shape of the HH 400 
shocks that it is moving almost in the plane of the sky. 

3.7. HH 530 

HH 530 was first ident ified in iBOMl . where it is de- 
picted in their Figure 22. OD03 improved the measure- 
ments of the tangential motions and questioned whether 
the shock at 108-430 is part of this outflow (since it 
may be associated with the silhouette proplyd 114- 
426). OD03 measured the components 105-416 and 
105-417, which are parts of a well defined shock ori- 
ented almost due west. They have an average motion of 
Vt = 28 ±5 km s" 1 towards PA = 244° ±26°. There is a 
nearby 3" feature oriented almost east- west (PA = 260°) 
and may be an associated jet. This latter feature was 
found to be moving at Vt = 63 ± 7 km s _1 towards 
PA = 255° ±4°. There are no published radial velocities 
of this outflow. 

3.8. HH 269 

HH 269 was fir st identified as an HH object in 
(|Walter et al.lll995T). following ea rlier observations of its 
peculiar form ( Feibelmanl |1976[) an d density enhance- 
ments in this region (Walter! 11991 . It is composed 
of a series of shock structures oriented towards the 
west. Although some [O III] emissio n is seen, the object 
is brightest in low ionization lines (j Walter et al.lll995f l 
and there are associated H 2 features in the images of 
IStanke. McCaughrean. fc Zinneckeri (|2002ft . The tangen- 
tial velocities of the tip of the east shock were measured 
by OD03 to be 40 ± 26 km s _1 towards PA = 283° ± 12° . 
The heliocentric radial velocity of the east shock is 
([Walter et al.lll995h 13 km s _1 (Vomc = -15 km s" 1 ). 
These values yield V" s = 43 km s _1 with 6 = 21°. 

3.9. HH 507 

HH 507 was first identified in BOM], where it is de- 
picted well in their Figures 22 and 23. It lies along the 
axis of HH 269, but is clearly separate as it has its own 
characteristic velocities while features to the east and 
west have the common motion of HH 2 69. It h as the form 
of a west-northwest oriented parabola. IOD03I foun d that 
Vt = 27 ± 12 km s _1 towards PA = 298° ± 41°. IBOMl 
point out that there is a linear feature along the symme- 
try axis of this shock and has PA = 296°. If associated 
with HH 507, this means that the driving jet is not the 
nearby proplyd 117-352 as it is not aligned with that ob- 
ject. BOM hypoth esize that HH 507 is driven by outflow 
from source FIR 4 (jMezger et al.|[l990() , although a more 
complete discussion is presented in our § 5. There are no 
published radial velocities of HH 507. 

3.10. HH 625 

HH 625 was identified in lOD03l and is unlike any of the 
other HH objects in the Orion Nebula. It has a peculiar 
dark feature lying 76" at PA = 267° from 9 1 Ovi C and 
that feature has a bright rim on its northwest bou ndary, 
the feature being oriented towards PA = 325°. IOD03I 
measured the tangential velocity of the associated bright 
features to be moving at Vt = 26 ± 4 km s _1 towards 
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Fig. 7. — Deep HST WFPC2 images of the region south-east of the 
shown as negative grayscales that have been tuned to emphasize faint 
saturated. Also shown is the [Oiii]/[Nii] ratio (lower-right, with black 
principal features. 

PA = 304° ± 12°. There are associat ed H2 features seen 
in Subaru images (Kaifu et al. 2000) and in the H2 sur- 
vey of the region by IStanke. McCaughrean. fe: Zinneckerl 
( 2002). The small H 2 knots seen in the latter study begin 
with a linear alignment close to PA = 313°, then curve 
slightly clockwise, reaching a distance of about 204" from 
their point of origin that is discussed in § 5. 

There are no published radial velocities of the optical 
features in this outflow. However, if one adopts a value 
of Vomc = 80 km s" 1 , as su ggested by the CO molecular 
outflow (|Zapata et al.ll20 05) that is the driving source of 
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Bright Bar in [Nil] (upper- left) and [Oiii] (upper-right). These are 
features, with the result that the emission from the inner nebula is 
signifying higher ionization), and a cartoon (lower-left) showing the 



this HH object (as discussed in § 5), then Vs 
and this part of the object has 8 = 73°. 



84 km s" 



3.11. HH 202 

HH 202 was one of the first HH objects identi- 
fied in the Orion Nebula (jCanto et all Il980f ). The 
best imaging study was carried out with the HST 
(jO'Dell et alJ 11997b!) . where it was revealed that there 
are a series of fine scale structures near the tip 
of a broad parabolic env elope. Tangential veloc i- 
ties hav e bee n meas ured by ICudworth &: Stond (|1977f ). 
DOHQl, and IOD031 Radial velocities have been niea- 



sured by iMeaburnl (I1986I). IClavton & Meaburnl (|1994h . 
IQ'Dell. Wen, fc Hester! (| 199 ID . and lDOH04 The north- 
west tip of the object is extremely complex in both im- 
ages made in different ionic emission and in long-slit spec- 
troscopy. The brightest part is near this tip and is called 
HH 202-S. The extended emission in [Oiii] within the 
parabolic envelope argues that like HH 204, this shock is 
photoionized from the rear, in this case almost certainly 
by f^Ori C. 

DOH04 give a heliocentric velocity of —39 ± 2 km s _1 
for the bright HH 202-S complex, which corresponds 
to Vomc = -67 km s"\ and IOD03I give V T = 53 ± 
14 km s" 1 towards PA = 332° ± 13° for the same region. 
These values yield Vs = 85 km s~ x and 6> = 52°. 

4. THE COMBINED PROPERTIES OF THE HH OBJECTS 

In the case where we can determine spatial velocity 
vectors (PA, Vt, and 9 are known) and have at least an 
approximate idea of the place of origin, we can depict 
these flows in a manner that illuminates what is hap- 
pening. Figure [5] shows the central region of the nebula 
in three dimensions. For simplicity, we have assumed in 
calculating the position along the vertical axis that the 
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Fig. 8. — The motions of the cataloged HH objects in the Huy- 
gens region of the Orion Nebula are shown superimpo sed on an 
early mosaic of WFPC2 images llO'Dell fc Wong 1996). The po- 
sition of the dominant ionizing star ((^Ori C) with respect to the 
ionization front is shown as a sphere while the location of O'Dcll 
& Doi's (2003) Optical Outflow Source is shown as an ellipse. 
The ionization front is actually an irregular, concave (as viewed 
by the observer) surface. The observer is located at an extension 
of the vertical axis in this figure. When both radial and tangen- 
tial velocities are known, their velocity vectors are shown (all are 
blue-shifted) while those objects with only tangential velocities are 
drawn as being in the plane of the figure. The lines drawn in the 
plane of the figure indicate the symmetry axis of each shock. 

objects all originate from the center of the OOS. This as- 
sumption is certainly not valid for all the HH objects, but 
affects only little the general picture of what is going on. 
In each case the direction of the velocity vector is that de- 
rived from Vt and 9. It should be recalled that the inner 
region of the Orion Nebula has be en mapped in three di- 
mensions bv lWen fc O'Delll ()1995| ). who determined that 
the surface is concave (as viewed by the observer), with 
9 1 Oy\ C lying about 0.2 pc (90") in front of the ioniza- 
tion front and there is a local rise of about 0.05 pc (22") 
at Orion-S. The last feature indicates that Orion-S is a 
denser region within the host Orion Molecular Cloud and 
that the ionization front has not penetrated as far there. 

The first striking thing about Figure [8] is that all of the 
optical objects are blueshifted. This indicates that the 
sources for these HH objects lie in the background of the 
visible nebula or even in the optically obscured region 
beyond the IF. One would expect the optical extinction 
to increase significantly as one begins to penetrate the 
Photon Dominated Region (PDR) because the density 
jumps there. If a source were close to the IF, its red- 
shifted component would quickly disappear, unless the 
flow was diverted into being blueshifted. 

The fact that several flows seem to be paired (e.g., 
HH 529 and HH 269, HH 203/204 and HH 202) has led 
multiple authors to posit that these are bipolar flows 
from a single source, with the originally rcdshiftcd com- 
ponent being altered into having a blueshift without a 
signi ficant change in the orientation on the plane of the 
sky dO'Dell et alj|1997at iBallv et alj|2001t iRosado et all 
1200 ll OD03). This argument is especially attractive for 
the HH 529-HH 269 pairing because one sees the compo- 
nents moving in opposite directions in the plane of the 
sky, leaving a gap only in the OOS region ([ODOl . 



A process for deflection of a re dshifted component ha s 
been proposed and modeled by ICanto fc Ragal (|1996f ). 
They establish theoretically that a jet passing through a 
density gradient will be deflected towards the direction 
of the lower density. This is extremely attractive for 
explaining what we see in the Orion Nebula because we 
know that there is a strong density gradie nt away from 
the IF, being lower towards the observer (|0'Delll [20011 ) 
and theoretical models indicate that the density in the 
neutral PDR should rise as one passes the IF. Whether 
or not a beam is deflected by or penetrates the PDR will 
be dependent upon many factors, including geometry, 
magnitude of the density gradient, mass flux of the jet, 
so that one cannot make an accurate prediction of what 
will occur. 

This means that redshifted flow from a source located 
within the ionized zone of the nebula will eventually 
reach the IF. If it is deflected sufficiently it can become 
a blueshifted flow and if it passes through or remains in 
the PDR then it will be optically invisible. 

If the source is obscured by extinction (embedded), 
then the conversion of a redshifted into a blueshifted 
component means that the source must lie close enough 
behind the PDR so that there is still an increase of den- 
sity away from the observer. There is some evidence 
that this is the case for the flow from the OOS source 
since IOD03I calculated that the source was only a few 
hundredths of a pars ec beyond the I F. 

Unfortunately, the ICanto fc Ragal mechanism can also 
make it more difficult to identify the location of a source. 
This is because if a jet strikes a region with a tilted 
density gradient not only will there be the potential of 
changing a redshift into a blueshift, but, the direction in 
the plane of the sky can be changed. However, one ex- 
pects that this alteration will be less important since the 
concavity of the IF is not great except in the region of 
the Bright Bar. This mechanism may be what produces 
the c urvatur e of the path of the components of HH 625, 
which [ODOl argue is a flow grazing along just behind the 
IF. 

There is another mechanism that complicates identi- 
fication of a source of an outflow by extrapolating back 
in the plane of the sky and that is deviations in the di- 
rection of the flow caused by a wind blowing on the jet. 
This m echanism has been invoked bv lMasciadri fc Ragal 
(|2001h to explain the bent small-scale bipolar jets that 
one sees in the Orion Nebula, the object associated with 
LL Orionis being the best example (BOM). The side 
wind is most likely to be the flow of gas away from the 
bright central region of the nebula. It may be that the 
well defined curvature necessary to connect HH 203+HH 
204 to HH 400 and its southernmost components is 
caused by such a wind. 

The second striking thing about Figure [8] is that the 
backwards projection of the velocity or symmetry vectors 
cross in a relatively small area, close to Orion-S. In § 5 we 
will discuss the probable sources that lie in this region, 
putting special emphasis on identification of infrared or 
radio compact sources and the molecular flows known to 
exist there. 
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Fig. 9. — The CO (bright blue and red) and SiO (pink and pale- 
blue) emission in a 44" square region around Orion-S is shown 
superimposed on a composite of HST WFPC2 images as described 
in the text. The white ellipse indicates the Optical Outflow Source 
region identified by OD03 as the region of the source of HH 269 and 
HH 529. The squares and circles represent the positions of various 
radio and infrared compact sources, with the white circle represent- 
ing the 1.6 £tm and 2.2 (im source from Hillenbra nd &: Carpenter 
2000 red circles the 10 and 20 fim MAX study of lRobberto et alj 
(2005) with t he brightest source fi lled-in, the black squares the 1.3 
cm sources of Zapata et al. (2004), the red squares the sources seen 
at both 1.3 cm a nd 1.3 mm, and the blue squares the sources seen 
o nly at 1.3 mm llZapata et al.ll2005Tl . FI R 4 is the 1.3 mm source 
of lMezger eTaLl IU990I) and"CS 3 is from lMundv et al.l (fl986T) . 

5.1. Comparison of the Optical Objects with the 
Embedded Molecular Outflows 

Significant progress has been made recently in the un- 
derstanding of molecular outflow from the Orion-S re- 
gion. The most important recent contributions are the 
studies of CO (Zapata et al. 2005) and SiO (Zapata et 
al. 2006), which exceed in sensitivity and angular reso- 
lution the previous investigations of this region. These 
two studies are summarized in Figures [51 and [TU1 

In Figure[5Jthe CO results are shown as contours of the 
redshifted (red) and blueshifted (blue) components. For 
simplicity we have drawn only the outermost bri g htness 
contours and a few of the inner. iZapata et ail (2005) 
show that the flow aligned along PA = 306° reaches 
maximum values of ±80 km s _ . SiO emission in the 
outflows from this region far exceed the normal nebu- 
lar abundance and must arise from destruction of grains 
within the molecular cloud or the PDR lying immediately 
beyond the nebula's IF (Zapata et al. 2006). The results 
of the SiO study are shown in Figure [5] in a similar man- 
ner to the CO results, except that redshifted emission 
is depicted as pink and blueshifted as pale-blue. The 
primary emission occurs along an axis of PA=284°and 
reaches velocities of Vomc=-90 km s _1 and Vomc=75 
km s — . These radio results are shown displayed on an 
HST WFPC2 optical image with the color coding [S II]- 
red, [N II]-green, and [O III]-bluc. In addition, we show 
the positions of compact radio and infrared sources in 



Fig. 10. — The features of Figure [9] (inner box) are shown on 
a 143" X 168" field within the Orion Nebula compiled from HST 
WFPC2 with the same color coding as Figure [9] The field covered 
in Figurc|9]is outlined in red. The location of various HH objects is 
indicated. Thin yellow lines indicate H2 emission from the Subaru 
images (Kaifu et al. 2002) and the contours indicate high velocity 
features delineated by enhanced Hel 10830 emission as described 
in the text. 

the vicinity of Orion-S, as discussed later in this sec tion, 
in addition to the Optical Outflow Source of IODQ31 

A wider field around Orion-S is shown in Figure I10[ 
where we have added to the inner region data of Figure [HI 
the outer optical objects (designated by their HH catalog 
numb ers), and Hg emis sion indicated on the Subaru im- 
ages (Kaifu et al. 2000). Highly blueshifted optical emis- 
sion is shown by closed contours of thin yellow lines. The 
location of the compact and narrow h igh velocity compo- 
nents are best delineated in |DOH04|. but we have show n 
the contours of He 1 emission from iTakami eTaTl (120021) . 
This is useful because the Hei 10830 A line is optically 
thick because its lower state is metastable. Differences 
of radial velocity shift the line outside the core of the ab- 
sorption and allow that radiation to selectively escape. 

5.2. A Well Defined Connection between the CO 
Outflow, its Infrared Source, and HH 625 

The new high spatial resolution CO images of the 
Orion-S region have provided the necessary ingredients to 
firmly establish that HH 625 is driven by the blueshifted 
outflow from the em bedded source 136-359 as previously 
suggested in [OD03. It is likely that the beam of molec- 
ular gas remains very confined and is grazing along the 
PDR, occasionally breaking through the irregular and 
concave IF. In this way one can reconcile the CO, H2, 
and optical observations. 

It is natural to look for optical features corresponding 
to the redshifted CO outflow. The deflection of the beam 
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that would be necessary to produce an optical counter- 
part would also produce the possibility of deviation in 
PA, thus complicating making an identification. The 
most promising candidate would be HH 528 because its 
PA is closest to that of the redshifted CO component. 
There is probably not a connection with HH 203 and 
HH 204 as their driving jet is aligned towards the OOS 
and linking them with the CO outflow would mean that 
the jet would have to suffer two deviations in PA, the 
first to place it into alignment with the HH 203 jet, then 
a second to point it towards the shocks we call HH 203 
and HH 204. The key element of confirming an associa- 
tion of the redshifted CO outflow with HH 528 would be 
to discover tangential motions that connect the south- 
east end of the molecular outflow with the low ionization 
features that form the base of HH 528. 

5.3. A likely Connection between the SiO Molecular 
Outflow, its Infrared Source, and HH 507 

The well defined Si O outflow has a stro ng candidate for 
its source (435-356. IZapata et al.ll2006f ). however, there 
no obvious connections with optical HH objects. The 
blueshifted component that is elongated towards PA = 
284° does point towards HH 507, which lies at PA = 
283° from 135-356. As noted in § 3.9, the shock forming 
HH 507 is oriented towards PA = 296° and is moving 
towards PA = 298° ± 41°. Moreover, as noted bv lBOMl 
there is a trailing linear feature, which may be a jet, 
that is oriented towards PA = 296°. These combined 
characteristics argue that HH 507 is associated with the 
blueshifted SiO outflow from 135-356. The discovery of 
the SiO outflow and its alignment with HH 507 means 
that t he conclusions presented here supercede those of 
IBOML where it was argued that HH 507 originated from 
the region of CS 3 or FIR 4. The possibility of HH 269 
being driven by the blueshifted component of the SiO 
outflow is discussed in § 5.5. 

There are no obvious connections of the redshifted SiO 
outflow with optical HH objects. Associations with any 
of HH 203, HH 204, or HH 528 could be made by a 
single deflection that resulted in both a change of PA 
and radial velocity. There is an incomplete shock lying 
34" at PA = 106° from 135-356 which is oriented towards 
PA = 121°. The latter value is very close to PA = 124° 
that applies to the HH 203 jet, which argues that there is 
an association, if the deviation occurs at just about the 
position where this shock appears. 

5.4. Possible Connections between Molecular Outflows, 
Infrared Sources, and Distant Shocks 

IZapata et alJ (l2006f) point o ut that sources C S 3 
(jMundv et al.lll986l ) and FIR 4 (|Mezger et al.lll990f) are 
likely to be the sam e, a suggestion made previously by 
(jGaume et al.l Il998h . and that this source could be re- 
lated to their strong millimeter source 137-408. The out- 
flow in the region of this source is complex, there being a 
redshift-blueshift pair of SiO features lying immediately 
to the north of it, and a series of re dshifted SiO features 
extend ing towards PA — 219°. Schmid-Burg k~et al.l 
(|1990h find a redshifted CO outflow 120" long extend- 
ing tow ards PA = 21 1 ° orig inating from the CS 3-FIR 4 
region. IZapata et all (2006) argue that this implies that 
both the SiO and CO outflow originate from close to 



137-408. There are no cataloged HH objects in the di- 
rection of the outflows away from 137-408. However, at 
a distance of 397" and PA = 230° a large shock fea- 
ture can be detected in the ACS f658n mosaic (labeled 
Southwest Shock in Figure [6|), which has a symmetry 
axis pointed towards PA = 220°. It is possible that this 
shock is associated with this southwest SiO+CO outflow 
from 137-408. 

As mentioned in § 3.6, HH 400 lies farthest from the 
cluster center of all cataloged HH objects. Figure [5] illus- 
trates that HH 400 lies almost on a projection of the sym- 
metry axes of three inner HH objects (HH 203, HH 204, 
and HH 528). Since we know from the curving of bipolar 
jets in this same part of the nebula (jBallv et alJ 120061 ) 
that there is a distortion of flows by a low velocity wind, 
it is entirely possible that the small difference in align- 
ment is due to this effect. Unfortunately, this leaves 
identification of an association with a specific inner HH 
object impossible. The exact location of HH 400 along 
the line of sig ht is very u n certa in, especially because of 
the report of I Bally et al.l (|2001f ) that the shock is red- 
shifted with respect to the nearby nebular [S n] emission. 
Beyond HH 400 are two groups of shocks, labeled 400- 
S and 400- SS in Figure [HI and which are only seen in 
the ACS f658n images. Due to their proximity and near 
alignment with HH 400, it seems highly likely that they 
are produced by earlier ejections of collimated material. 
This would mean that there is evidence for four periods 
of intense outflow in this direction. 

The ACS mosaic also reveals a large set of shocks that 
appear in Figure [5] and are labeled Western Shocks. The 
northernmost members of this group could be related to 
the HH 269 outflow. Although they cover a wide range 
of angles, this could be explained by episodic ejection 
striking a deflecting surface that has changed between the 
periods of outflow, hence one would expect both different 
radial velocity and PA values. The much less well defined 
Northwest Shocks features are unlikely to be related to 
HH 625, since it is seen to be rotating clockwise with 
increased distance from its source; but, could be related 
to either the outflow producing HH 202 or the fingers 
seen around BN-KL. 

5.5. Origin of the Remaining HH Objects and 
Comparison with Earlier Studies 

In the above discussions we have examined possible 
origins of many of the cataloged HH objects in the inner 
part of the Orion Nebula. However, the origin of several 
major features remains open. The opposite directions 
of the tangential velocitie s of the innermost parts of HH 
269 and HH 529 (|OD03l ) indicates that if they share a 
common origin that this lies in the region identified as 
the OOS. The fact that projections of the directions of 
the high velocity jets leadin g to HH 202 and HH 203 pass 
through the OOS '.rd 01)03 to speculate that it is a center 
of their outflows too. Since the symmetry axis of HH 528 
also crosses the OOS, it too could originate there. How- 
ever, in this paper we have shown that it can be argued, 
albeit not definitively, that HH 203, HH 204, and/or HH 
528 could be a result of the deflection of the originally 
redshifted SiO outflow from 136-356. This means that 
we will limit the discussion here to HH 202, HH 269, 
and HH 529. In Figure [TO] we see the structure of the 
jet feeding HH 202. Its location demonstrates that the 
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source is not the star 138-340 postulated bv lSmith et al.1 
(2004) from their Fabry-Perot velocity maps of this re- 
gion. Moreover, their Figure 2 shows that the HH 202 jet 
passes slightly east of 138-340, which is clearer in the He l 
velocity pic ture shown in our F igure [I0]and in DOH04's 
Figure 16. iSmith et all (pOOl also argue on the basis 
of the opposing alignment that HH 202 and HH 528 are 
part of the same outflow, with HH 528 being the origi- 
nally redshifted component. Similar opposing alignments 
with a large intervening gap seem to be an insufficient 
argument for establishing such a connection. While a 
deflection off the PDR will largely cause a shifting of the 
velocity along the line of sight, it is also expected to pro- 
duce some change in direction in the plane of the sky. We 
note that the southern part of HH 202's high velocity jet 
curves clockwise at its southern end, indicating that it 
may not originate within the OOS. However, since jets 
can curve more tha n once, the possibility remains open. 
iZapata et al.l (|2004f ) argued that the elongation of the 1.3 
cm source 143-353 (which falls within the OOS) towards 
HH 202 means that this is the source of HH 202's jet. 
However, for this to be the case, the jet would have had 
to be bent several times to be displaced and reoriented 
at the point where we begin to optically see it. 

The alignment of the direction of the tangential veloc- 
ities of the westward moving objects ascribed by OD03 
to HH 269 argues that they are part of the same flow. 
Since the more easterly group lies immediately west of 
the OOS and east of the center of the SiO outflow, they 
both cannot arise from the SiO outflow. However, the 
more westerly HH 269 features are positions that are 
compatible with a deflected SiO outflow. If that is the 
case, then the HH 269 components lyi ng even further to 
the west (beyond the region covered in lOD 03) could also 
have the same source. This interpr etation means dis- 
associating the two groups studied bv lOD03l and arguing 
that the alignment of tangential velocities and positions 
is only fortuitous. This may be the the east 

and west groups have quite different tangential velocities 
(49 ± 25 km s _1 and 16 ± 5 km s _1 respectively. Defini- 
tive proof of one interpretation or the other is lacking, 
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but would be provided if one could determine detect op- 
tical objects moving from the direction of the SiO source 
and curing into the direction of the western components 
o f HH 269. 

ISmith et al.l (|2004l ) also argue that the projection of the 
high velocity features associated with the western part of 
HH 529 intercepts the infrared source 144-351 and that 
it is the source of the outflow driving HH 529. This 
otherwise attractive argument is diminished by t he high 
spatial resolution HST tangential velocity study (jOD03) 
which indicates that the common motion of the features 
associated with the high velocity flow project about 2" 
south of 144-351. 

This means that what is happening in the OOS region 
and its possible relationship to the major HH objects in 
the Orion Nebula remains very much uncertain at this 
time. The absence of strong radio, infrared, x-ray, or op- 
tical sources within the OOS remains a mystery, if one 
or more outflows originates from there. What is most 
likely to help in understanding this region are tangential 
velocities over a wide range of ionization states, with em- 
phasis on the lowest ionization ions since their emission 
will originate closest to the IF, the PDR, and presumably 
the embedded source. 
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